Enterococci are intrinsically resistant to numerous antimicrobial agents. We examined the energy-dependent efflux of radiolabeled drugs from four reference strains of Enterococcus faecalis and a strain of Enterococcus faecium and found that most strains pumped out norfloxacin and chloramphenicol. Efflux of tetracycline was detected only in certain strains.
Enterococci live in an environment enriched in lipophilic inhibitors such as bile salts and fatty acids. They are also intrinsically resistant to various antimicrobial agents, including ␤-lactams and fluoroquinolones (9) . Unlike gram-negative enteric bacteria, which share many of these properties, the enterococcal cell is not protected by an outer membrane, and it is not known what makes enterococci resistant to these agents, except in the case of ␤-lactams (see below). Recently, it has become clear that the intrinsic resistance of such gram-negative bacteria as Pseudomonas aeruginosa to amphiphilic and lipophilic antibiotics requires, in addition to the outer membrane barrier, the active efflux of these drugs (5-7, 11, 13) . We hypothesized that, in the absence of an extracytoplasmic permeability barrier, the most likely mechanism for intrinsic drug resistance in enterococci may be active efflux. To the best of our knowledge, active efflux of clinically important agents has not been studied in enterococci, although an efflux system for ethidium bromide has been reported for Enterococcus hirae (8) .
We used susceptible reference strains of Enterococcus faecalis and Enterococcus faecium. The MICs of some agents for these strains are shown in Table 1 . Overnight cultures in Difco brain heart infusion broth were diluted 10-fold with the same medium and were incubated at 37ЊC. The cells were harvested by centrifugation when the culture reached the density of 0.3 mg (dry weight) ml Ϫ1 (as judged from the optical density), were washed once with 0.1 M HEPES-Tris buffer, pH 7.0, and were resuspended in the same buffer at the density of 0.6 mg (dry weight) ml Ϫ1 . The suspension was incubated at 37ЊC for at least 1 h. The starved cells were collected by centrifugation and resuspended at the density of 10 mg (dry weight) ml Ϫ1 . The suspension was incubated at 37ЊC, radioactive drug was added after 5 min, 50-l portions were removed at various times, and drug accumulation in the bacteria was determined by centrifuging the cells through a layer of silicone oil (Fig. 1) . The cell suspension was divided into halves during the incubation, and one half was energized by the addition of glucose to 0.4%. Each uptake experiment was repeated at least twice to make certain that the results were reproducible.
Starved cells of the four reference strains of E. faecalis accumulated norfloxacin to approximately the same level, but in three strains accumulation decreased precipitously upon the addition of glucose as an energy source (Fig. 1) . Although energization is expected to generate a pH gradient across the cytoplasmic membrane, which may affect the passive distribution of norfloxacin across the membrane, this effect should be negligible at an external pH of 7.0 (see Fig. 3B of reference 12). These data therefore indicate that norfloxacin is actively pumped out of the cytoplasm of many reference strains of E. faecalis, which are not known to contain any unusual, additional determinants of resistance. Because our first study was carried out with JH2-2, which carries two antibiotic resistance mutations for lipophilic agents, rifampin and fusidic acid (4), we also included the antibiotic-susceptible parent strain of JH2-2 (BM4110 [2] ) in the assay. There was no discernible difference between the two strains in the efflux of norfloxacin (data not shown).
Similar experiments were carried out with [ 3 H]chloramphenicol (Fig. 2) . All strains showed energy-driven efflux of chloramphenicol, although the difference between the energized and starved cells tended to be less than that in the experiments with norfloxacin. In one experiment, the same bacterial suspension was used in three consecutive assays; the standard deviation between data points was on average only 1.8%. The behavior of chloramphenicol is especially important in establishing the presence of an active efflux process, because chloramphenicol is devoid of charge, and therefore its distribution across the cytoplasmic membrane should not be affected by pH gradient or electric potential. On the other hand, chloramphenicol traverses the lipid bilayer rapidly, and the small differences seen between the energized and nonenergized cells might reflect the partial collapse, through the passive influx of the drug, of much of the concentration gradient created by the active efflux process.
Since the examination of several strains with norfloxacin and chloramphenicol showed that the starvation step was unnecessary, the harvested cells of E. faecalis were washed and resuspended in 0.1 M K-phosphate buffer, pH 7.0, and were used immediately for [ 3 H]tetracycline uptake experiments. JH2-2 (and also BM4110; data not shown) produced significant levels of glucose-induced efflux of tetracycline (Fig. 3) . In the absence of any active efflux, the pH gradient produced by the energization of cells is expected to increase the passive accumulation of tetracycline, a weak acid, in the cytoplasm (12) . This indeed appears to be occurring with ATCC 29212 (and possibly ATCC 35550). In contrast, little change in accumulation level occurred upon the addition of glucose to ATCC 19433. Possibly, in this strain the small amount of active efflux was nearly completely balanced by the increased passive accumulation of tetracycline.
Finally, the accumulation of [ 3 H]benzylpenicillin (Amersham Corp.) was examined by using strain JH2-2. The addition of glucose caused no change in the accumulation of this compound. Thus, active efflux is unlikely to play a role in the resistance of enterococci to ␤-lactams, and the low level of affinity of the penicillin-binding protein(s) appears to be the major cause of ␤-lactam resistance in this case, as has been demonstrated earlier (3, 15, 16) .
We have also carried out preliminary experiments with the type strain of E. faecium, ATCC 19434. It showed significant efflux of norfloxacin and chloramphenicol, but energization resulted in a strong increase of tetracycline accumulation, presumably due to the change in its passive distribution caused by the pH gradient, as mentioned above.
These results suggest that many wild-type strains of E. faecalis (including the type strain, ATCC 19433), and presumably also of E. faecium, possess endogenous efflux pumps that excrete fluoroquinolones and chloramphenicol and sometimes tetracycline. The relatively low levels of antibiotic susceptibility in these species may be related to active efflux. Interestingly, ATCC 35550, which is the most susceptible to both chloramphenicol and norfloxacin among the four E. faecalis strains studied (Table 1) , showed little efflux activity for these agents ( Fig. 1 and 2) ; there is thus some correlation between the efflux activity and the level of resistance. In contrast, there was little correlation between tetracycline efflux activity and resistance to this drug ( Fig. 3 and Table 1 ), although the most susceptible strain, E. faecium ATCC 19434, showed no signs of efflux (see above); here, other mechanisms are likely to be more important determinants of resistance.
The efflux of chloramphenicol may be of some interest because enterococci are often considered to be susceptible to this drug. However, the MIC of chloramphenicol at which 50% of the E. faecalis isolates are inhibited (6.3 g/ml as reported by reference 10) is much higher than that for other streptococci (for example, 0.4 g/ml for group B streptococci [1] ), and a part of this difference might be due to efflux activity.
The genetic determinants of these efflux pumps remain to be identified. However, the observation that tetracycline was excreted only by some strains while chloramphenicol and nor-FIG. 1. Accumulation and glucose-induced efflux of norfloxacin. Starved cells of E. faecalis were incubated at 37ЊC as described in the text. At 0 min, [ 14 C]norfloxacin (a gift from Merck Sharpe and Dohme; specific activity, 15 mCi mmol Ϫ1 ) was added to a final concentration of 6 M. At the indicated time points, 50-l samples were removed and layered on top of a 0.2-ml mixture of silicone oils (1.7 volumes of Dow Corning 550 and 1.0 volume of Dow Corning 510) in a narrow plastic centrifuge tube. Samples were centrifuged immediately for 1 min in an Eppendorf microfuge, the tips of the tubes containing the cells were cut off, and radioactivity levels were determined by liquid scintillation counting as described previously (14) . To one-half of the cell suspensions, glucose was added to a final concentration of 0. a MICs were determined by broth dilution in brain heart infusion broth with an inoculum of 10 5 CFU after overnight incubation at 37ЊC. The values in parentheses are MICs determined by using Mueller-Hinton broth in the same manner. Since most strains grew more slowly in this medium, two readings were taken; the first and second figures represent MICs read after overnight and 40-h incubations, respectively. floxacin were pumped out by most seems to be more consistent with the view that a strain may contain several different efflux transporters, each of which functions with a limited range of substrates. Indeed, many of the drug efflux pumps identified in gram-positive bacteria are specific for a single class of agents (such as tetracycline) (11) . Although several multidrug transporters have been reported, each of them seems to pump out only a group of compounds with visible common features. For example, the substrates of the NorA (Bmr) pump are cationic lipophiles including fluoroquinolones and cationic dyes (except chloramphenicol), and those of QacA and Smr also appear to be mostly cationic lipophiles (11).
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